guidelines for animal treatment (Regierungspräsidium Karlsruhe, license Az 35-9185.81 G-94/06).
Retrograde tracer injection Eight weeks old wild type, GAD67
EGFP (S5) and SOM Cre mice were injected with 0.03 µl Fluorogold 0.5% or 0.03 µl RedRetrobeads. Surgery and coordinates for FG injection were as described above. The pipette was held in place for 20 min before being retracted from the brain. For RedRetrobeads injection into the medial septum a small craniotomy was made 1.0 mm posterior to bregma. RedRetrobeads was injected 0.6 mm lateral, 4.0 mm deep at an angle of 8°. The glass micropipette was held in place for 15 minutes. The pipette was retracted 50 µm towards the surface and held in place for another 5 minutes before complete retraction from the brain.
Immunohistochemistry
Mice were transcardially perfused with 4% paraformaldehyde (PFA). Coronal and sagittal sections were cut at 50 μm thickness on a vibratome and washed with phosphate buffered saline (PBS). Free-floating sections were permeabilized and blocked for 2 hrs with PBS containing 5% BSA and 0.2% Triton X-100. The incubation of the sections with primary antibodies was performed for 48 hrs at 4°C. For double-labeling experiments both primary antibodies were incubated at the same time. Sections were washed with PBS and incubated for 2 hrs with Cy3-conjugated secondary antibody (1:1000 Jackson Immunoresearch, Newmarket, UK) or AlexaFluor488 secondary antibody (1:1000; Invitrogen Darmstadt, Germany). After repeated washing with PBS the sections were mounted on 0.1% gelatin-coated glass slides and mounted in Mowiol 40-88. Pictures were taken using a BX 51 microscope and a confocal laser-scanning microscope.
Primary Antibodies Rabbit anti-somatostatin (Millipore, Temecula CA, 1:1000); anti-ß-galactosidase (ICN, Costa Mesa, CA, 1:3000); rabbit anti-Ds-red (Clontech, Mountain View CA, 1:1000); mouse anti-parvalbumin (Millipore, Temecula CA, 1:3000); rabbit antifluorogold (Fluorochrome, LLC, Denver CO, 1:500); mouse anti-VGAT (Synaptic Systems, Goettingen, Germany, 1:1000); mouse anti-VGluT1 (Synaptic Systems, Goettingen, Germany, 1:100); rabbit anti-EGFP (Invitrogen, Darmstadt, Germany, 1:5000).
Electronmicroscopy
For hippocampal viral injections, two mice injected with AAV-DIO ChR2-mCherry were transcardially perfused with 4% PFA in phosphate buffer (PB) containing 0.05% glutaraldehyde (GA) at pH 7. Sections were incubated with rabbit antiDsRed antibody and labeling was visualized using the standard avidin-biotin complex protocol and diaminobenzidine (DAB) chromogen. The DAB reaction product was silver-gold intensified (SGI-DAB), and the sections were processed according to conventional EM protocols. For entorhinal cortex viral injections, four mice injected with AAV-DIO ChR2-YFP were analyzed. The staining followed the above protocol except that a rabbit polyclonal anti-EGFP antibody was used.
Image analysis For quantification of retrogradely labeled neurons in entorhinal cortex, 50 μm thick sagittal sections were used from 10 hemispheres of 5 GAD67 EGFP hippocampal FG injected mice. Cells were counted in 500 μm 2 areas from microscope pictures. VGAT + and VGluT1 + varicosities were quantified in 50x50 µm optical sections in layer VI, layer III and layer I/II of the MEC as well as stratum lacunosummoleculare of CA1 and CA3 and in stratum moleculare of the DG using 4 slices per hemisphere. Data are presented as mean ± SEM. Electrophysiology Whole-cell patch-clamp recordings were performed in 300 μm thick sections. Sagittal sections were used for most experiments performed in hippocampusinjected mice. However, for reconstructions, horizontal sections were used. Experiments in MEC-injected mice were performed mostly in horizontal slices. Morphology of target cells, however, was investigated in both sagittal and horizontal sections. Following viral injections, we waited at least 3 weeks before performing electrophysiological experiments. Mice were deeply anaesthetized with inhaled isoflurane and were subsequently transcardially perfused with ~30 ml ice-cold sucrose solution containing (in mM) 252 sucrose, 24 NaHCO 3 , 1.25 NaH 2 PO 4 , 3 KCl, 2 MgSO 4 , 10 glucose and 0.2 CaCl 2 , oxygenated with carbogen gas (95% O 2 /5% CO 2 , pH 7.4). Sections were cut in ice-cold oxygenated sucrose solution, followed by incubation in oxygenated extracellular solution containing (in mM) 12.5 NaCl, 25 NaHCO 3 , 1.5 NaH 2 PO 4 , 2.5 KCl, 2 CaCl 2 , 1 MgCl 2 and 25 glucose. Whole-cell patch-clamp recordings were performed at 30 to 32°C using pipettes pulled from borosilicate glass capillaries with resistances of 3 to 5 MΩ. Liquid junction potentials were not corrected. Sections were continuously perfused with oxygenated extracellular solution. CNQX (10 μM), D-AP5 (50 μM) and gabazine (10 μM; SR 95531 hydrobromide) were added in some cases. Cells and mCherry fluorescence were visualized by an upright microscope equipped with infrared-differential interference contrast and standard epifluorescence. Action potentials in long-range projections were evoked by 5 ms laser pulses (473 nm) with maximal power. PSCs and reversal potentials were measured using Cs + -based intracellular solution containing (in mM) 126 Cs + -gluconate, 4 CsCl, 10 Hepes, 10 phosphocreatine, 4 Mg-ATP, 0.3 GTP and 2.5 QX-314, pH 7.3 adjusted with CsOH. Firing patterns were recorded with K + -based, high Cl -intracellular solution containing (in mM) 127.5 KCl, 11 EGTA, 10 Hepes, 1 CaCl 2 , 2 MgCl 2 , 2 Mg-ATP and 0.3 GTP, pH 7.3 adjusted with KOH and PSCs were measured at -70 mV. Firing patterns were analyzed in current-clamp mode applying 1 s current pulses with 3 s intersweep interval, starting at -50 pA and gradually increasing the amplitude in 20 pA steps until maximal firing frequency was reached. Firing patterns were analyzed off-line using Igor Pro and Pulse. The effect of long-range axon activation was investigated using an intracellular solution that contained (in mM) 130 K-gluconate, 10 Na-gluconate, 10 Hepes, 10 phosphocreatine, 4 NaCl, 4 Mg-ATP, 0.3 GTP, pH 7.2 adjusted with KOH. Target cells were depolarized to sub-or suprathreshold potentials and 20 sweeps à 5 s with 8 or 40 Hz stimulation of long-range projections during the third second were recorded. All cells that were tested using the 40 Hz stimulation protocol were also tested for modification of subthreshold and/or suprathreshold activity following 8 Hz stimulation. Data were analyzed using Matlab. Spectrograms were generated averaging over 20 sweeps obtained from single cells. For power graph, 20 sweeps of every cell were filtered at 7-9 or 39-41 Hz, power was calculated and normalized to the first second of recordings. Series resistance was continuously monitored in voltage-clamp mode during PSC recordings measuring peak currents in response to small hyperpolarising pulses. Series resistances of 37 MΩ were accepted for analyzing PSCs. Stimulus delivery and data acquisition was performed using Pulse software. Signals were filtered at 3 kHz, sampled at 10 kHz. Data are given as mean ± SEM except for analysis of firing patterns, where standard deviations are given. P-values were calculated using the matched-pair t-test.
Biocytin filling and reconstruction For morphological analysis of electrophysiologically identified target cells, we filled whole-cell patch-clamped neurons for up to 30 min with biocytin (1 to 4 mg/ml, dissolved in intracellular solution). Subsequently, sections were fixed overnight in 4% paraformaldehyde, washed and quenched in 1% H 2 O 2 for 5 min. After renewed washing, sections were permeabilized in PBS with 1% Triton X-100 for 1 hr. Subsequently sections were incubated with avidin-biotinhorseradishperoxidase complex in PBS for 2 hrs at room temperature. Following washing in PBS, sections were developed with DAB and mounted in Mowiol. Labeled cells were reconstructed using the Neurolucida tracing program.
Extracellular recordings Extracellular recordings were performed in acute brain slices from male GAD Cre and SOM Cre injected and C57BL/6 control mice at an age of 3-7 months at least 3 weeks after injection. Mice were anaesthetized with inhaled isoflurane, immediately followed by an intramuscular injection of ketamine (≥ 100 mg/kg) and xylazine (≥ 10 mg/kg). Mice were perfused intracardially with ~50 ml of sucrose modified artificial cerebrospinal fluid (sACSF). The brain was removed and submerged in ice-cold sACSF during the dissection procedure. Hippocampal saggital slices (450 μm) were cut in ice-cold sACSF oxygenated with carbogen gas (95% O 2 /5% CO 2 ) using a microtome and transferred to a holding chamber at RT at the interface between oxygenated ACSF and warm, moist carbogen gas. Slices were permitted to equilibrate for at least 45 min before being transferred to the recording chamber and 15 min again after transfer before recordings were made. During recordings, slices were maintained at 30-34°C at the interface between a continuous perfusion of ACSF (perfusion rate: ~1.5 ml/min) and humidified carbogen gas. Pipettes were pulled from borosilicate glass capillaries with resistances in the range of 2-5 MΩ. Pipettes were filled with ACSF. Extracellular recordings were performed in hippocampal CA1 area. Theta oscillations were induced by bath application of DHPG (25-200 μM) followed by NBQX (5-20 μM) as soon as gamma oscillations were established. Oscillations were recorded for 3 seconds taking 10 sweeps per slice. 5 ms laser-light pulses were applied at 8 or 40 Hz during the 2 nd second of every sweep. All 8 and 40 Hz recordings were performed in the same slices. Recordings were analyzed with Matlab. Power graph was achieved filtering every trace at 3-7, 35-39 or 41-45 Hz, calculating power, normalising to the first second of recordings and averaging all sweeps of every slice. Data are given as mean ± SEM. P-values were calculated using the matched-pair t-test. + cell with cell body in stratum oriens and axonal arbor in stratum lacunosum-moleculare (red). A pyramidal cell is shown in black. Abbreviations: or, stratum oriens; pyr, stratum pyramidale; rad, stratum radiatum; lm, stratum lacunosum-moleculare; mo, stratum moleculare; gr, stratum granulare; h, hilus. 
